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A seal apparatus is comprised of a seal ring 13 and 
a slinger 14 in combination to prevent foreign matter 
from progressing into the rolling bearing 6a. The amount 
of compression 5 of the second seal lip 23, which occurs 
when the tip edge of the second seal lip 23 of the seal 
ring 13 comes in contact with the outer peripheral sur- 
face of the outer-diameter-side cylindrical section 26 
that is formed at the outer peripheral edge of the slinger 
14, is at least 1/10 and up to 7/10 the height of the sec- 
ond seal lip 23 in the free state. In addition, the rough- 
ness of a portion of the outer peripheral surface of the 
outer-diameter-side cylindrical section 26 which the tip 
edge of the second seal lip 23 comes in sliding contact 
with is from 0.2 ^im to 2.0 ^im in the arithmetic mean Ra, 
or is from 0.8 ^m to 8.0 ^.m in the maximum height Ry. 
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Description 

Technical Field of the Invention: 

[0001 ] This invention relates to a seal apparatus for a 
water punnp and a rotation -support apparatus for a water 
pump and a water punnp, and nnore particularly to im- 
provement of the seal apparatus of a water pump that 
is used for circulating coolant water for an automobile 
engine. 

Background Technology 

[0002] A water punnp used for circulating coolant wa- 
terfor an automobile engine has been disclosed in Jap- 
anese Patent Publication No. Toku Kai Hei 8-254213, 
and is constructed as shown in Fig. 6. A cylindrical hous- 
ing 1 has an installation flange 2 formed around its outer 
peripheral surface on the axial inside end (the inside 
with reference to the axial direction is the side nearest 
the engine, and is the right side in all of the figures) and 
fastened to the cylinder block of the engine by way of 
the installation flange 2. Provided on the radial inside of 
the housing 1 is a rolling-bearing unit 6 which comprises 
a ball bearing 4 on the axial inside end and a roller bear- 
ing 5 on the axial outside end (the outside with reference 
to the axial direction is the side furthest from the engine, 
and is the left side in all of the figures) in combination to 
support a rotating shaft 3 such that it rotates freely on 
the radially inside of the housing 1 . There are seal rings 
7, 7 located on both ends in the axial direction (left and 
right direction in Fig. 6) of this rolling-bearing unit 6 that 
prevent the grease filled inside the bearing unit from 
leaking out, as well as, prevent foreign matter such as 
dirt or steam on the outside from getting inside the unit. 
Moreover, a pulley 8 is fastened to a section on the out- 
side end of the aforementioned rotating shaft 3 that pro- 
trudes from the opening on the outside end of the hous- 
ing 1. 

[0003] When installed in the engine, a belt (not shown 
in the figure) is placed around this pulley 8, and it rotates 
and drives the aforementioned rotating shaft 3 from the 
crankshaft of the engine. On the other hand, an impeller 
9 is fastened to a section on the inside end of the rotating 
shaft 3 that protrudes from the surface on the inside end 
of the installation flange 2. When this installation flange 
2 is fastened to the cylinder block of the engine, the 
aforementioned impeller 9 goes inside the water jacket 
that is formed within this cylinder block. As the rotating 
shaft 3 rotates, the coolant water inside the water jacket 
is circulated to and from a radiator (not shown In the 
figure) or that like. 

[0004] Furthermore, there is a mechanical seal 1 0 lo- 
cated between the outer peripheral surface of the rotat- 
ing shaft 3 and the inner peripheral surface of the hous- 
ing 1. When the engine is operating, this mechanical 
seal 1 0 allows rotation of the rotating shaft 3 while at the 
same time prevents steam or coolant water that is flow- 



ing inside the water jacket, from leaking out. However, 
with the aforementioned mechanical seal 10, obtaining 
a perfect seal is difficult, and when friction heat is gen- 
erated on the seal surface of this mechanical seal 10, 
5 the coolant water, which contains chemical matter such 
as an anti-freeze agent or anti-rust agent, evaporates 
and becomes steam and leaks out toward the rolling- 
bearing unite, while at the same time, the coolant water 
in which the aforementioned chemical matter is con- 
densed due to evaporation of the coolant water and also 
leaks out to the rolling-bearing unit 6. Therefore, a slin- 
ger 1 1 is located in the middle of the rotating shaft 3 be- 
tween the mechanical seal 10 and the inside seal ring 
7, and a supply-discharge hole (not shown in the figure) 
is formed in the middle of the housing 1 in the section 
that faces the outer peripheral edge of the slinger 11 , 
which allows the steam or hot water that leaked out from 
the mechanical seal 10 to freely be discharged outside 
the housing 1 0. In other words, the aforementioned sup- 
ply-discharge hole is provided for communication be- 
tween the outside and a space which is located between 
the mechanical seal 10 and the inside seal ring 7 in the 
axial direction to act as a steam chamber, so that the 
steam and hot water in this space are discharged to the 
outside. 

[0005] In the first example of prior art construction 
shown in Fig. 6, the inner peripheral edge of a pair of 
seal lips 1 2, 1 2 of the inside seal ring 7 comes in sliding 
contact all the way around the outer peripheral surface 
in the middle of the rotating shaft 3. The inside seal ring 
7 and aforementioned slinger 1 1 are not associated with 
and are independent of each other. 
[0006] With respect to this, as shown in Fig. 7, Japa- 
nese Patent Publication No. Toku Kai Hei 11-153096 
discloses a construction for improving the seal perform- 
ance by locating the seal ring 7a and slinger 11a such 
that they are associated with each other. In the case of 
this construction, two of the three lips 12a, 12b and 12c 
of the seal ring 7a, specifically the seal lips 1 2a and 1 2b 
come in sliding contact all the way around the outer pe- 
ripheral surface of the rotating shaft 3a. On the other 
hand, the edge of the remaining seal lip 12c comes in 
sliding contact all the way around the outside surface of 
the slinger 11a. With this kind of construction, the seal 
performance is improved over the first example of prior 
art construction shown in Fig. 6, and it is possible to 
more effectively prevent foreign matter such as steam 
or hot water from getting inside the rolling-bearing unit 
that supports the rotating shaft 3a. 
[0007] Moreover, similar to the construction of this in- 
vention described later, it is considered that an outer- 
diameter-side cylindrical section is formed on the outer 
peripheral edge of the slinger such that it is concentric 
with the rotating shaft, and that a seal lip is provided with 
a tip edge such that it is inclined inward in the radial di- 
rection toward the tip edge, and that the tip edge comes 
in sliding contact with the outerperipheral surface of this 
outer-diameter-side cylindrical section. With this kind of 
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construction, since foreign matter collects on the outer 
peripheral surface of the aforementioned outer-dlame- 
ter-side cylindrical section where there is a large cen- 
trifugal force due to the large diameter, it is efficiently 
thrown off by this centrifugal force. Therefore, it is pos- 
sible to even more effectively prevent foreign matter 
such as steam or hot water from getting inside the roll- 
ing-bearing unit. 

[0008] In the case of a second example of prior art 
construction shown in Fig. 7 and in the case of construc- 
tion where the tip edge of the seal lip comes in sliding 
contact with the outer peripheral surface of the outer- 
diameter-side cylindrical section that is formed around 
the outer peripheral edgeof the slinger, the seal is better 
than the first example of prior art construction shown in 
Fig. 6. However, in order to be able to effectively prevent 
foreign matter from getting into the bearing unit over a 
long period of time, further improvement is desired. In 
other words, in the case of the construction disclosed in 
Japanese Patent Publication No. Toku Kai Hei 
11-153096 as shown in Fig. 7, only the construction in 
which the edge of one of the three seal lips 12a, 12b 
and 1 2c of the seal ring 7a, that is of the seal lips 1 2c, 
comes in sliding contact with the outside surface of the 
slinger 11a is mentioned, however detailed specifica- 
tions are not given. 

[0009] With respect to this point, in order to be able 
to effectively prevent foreign matter from getting into the 
bearing unit over a long period of time, it is necessary 
to satisfy the following conditions (1) and (2). 

(1) The tip edge of the seal lip 12c must come in 
sliding contact all the way with the outside surface 
of the slinger 1 1 a with sufficient pressure and with 
no gaps. 

(2) Wear of the tip edge of the seal lip 1 2c due to 
rubbing with the outside surface of the slinger 1 1 a 
must be kept to a minimum. 

[0010] In the case of satisfying only condition (1) 
above, it is possible to increase the amount of elastic 
deformation of the seal lip 1 2c and increase the force to 
push the tip edge of the seal lip 1 2c against the outside 
surface of theslinger 11a. On the other hand, inthecase 
of satisfying only condition (2) above, it is possible to 
reduce the amount of elastic defomnation of the seal lip 
12c and decrease the force to push the tip edge of the 
seal lip 12c against the outside surface of the slinger 
11a. 

[0011] Since the condition (1) above for securing the 
seal performance is counter to the condition (2) above 
for securing durability in this way, actual construction for 
effectively preventing foreign matter from getting inside 
the bearing unit over a long period of time is very impor- 
tant. 



Disclosure of the Invention 

[0012] It is an objective of this invention to provide a 
seal apparatus for a water pump, rotation-support ap- 

5 paratus for a water pump and a water pump, taking the 
aforementioned problems into consideration. 
[0013] Of the seal apparatus for a water pump, rota- 
tion-support apparatus for a water pump and water 
pump of this invention, the seal apparatus for a water 

10 pump as disclosed in claim 1 comprises a seal ring pro- 
vided to block the space between the inner peripheral 
surface of a non-rotating member, and the outer periph- 
eral surface of the rotating shaft of the water pump that 
passes through this non-rotating member, the outer pe- 

f5 ripheral edge of the seal ring being fastened to the inner 
peripheral surface of the non-rotating member, and a 
slinger that is fitted around the rotating shaft. Moreover, 
there is an outer-diameter-side cylindrical section that 
is formed around the outer peripheral edge of the slinger 

20 such that it is concentric with the rotating shaft. Also, the 
seal ring comprises a first seal lip that comes in sliding 
contact with an outer peripheral surface of the rotating 
shaft or with an outer peripheral surface of the slinger 
that rotates together with the rotating shaft, and a sec- 

25 ond seal lip that comes in sliding contact with an outer 
peripheral surface of the outer-diameter-side cylindrical 
section and that is tilted inward in the radial direction 
toward the tip edge. 

[0014] Moreover, the rotation-support apparatus for 

30 the water pump as described in claim 2 comprises: an 
outer ring having an outer-ring raceway formed around 
its inner peripheral surface; a rotating shaft for the water 
pump having an inner-ring raceway formed around its 
outer peripheral surface; a plurality of rolling elements 

35 located between the outer-ring raceway and inner-ring 
raceway such that they can rotate freely; a seal ring 
whose outer peripheral edge is fastened to the inner pe- 
ripheral surface on the end of the outer ring ; and a slin- 
ger that is fitted around the rotating shaft. Moreover, 

40 there is an outer-diameter-side cylindrical section that 
is formed around the outer peripheral edge of the slinger 
such that it is concentric with the rotating shaft. Also, the 
seal ring comprises a first seal lip that comes in sliding 
contact with an outer peripheral surface of the rotating 

45 shaft or with an outer peripheral surface of the slinger 
that rotates together with the rotating shaft, and a sec- 
ond seal lip that comes in sliding contact with an outer 
peripheral surface of the outer-diameter-side cylindrical 
section and that is tilted inward in the radial direction 

50 toward the tip edge. 

[0015] Furthermore, the water pump described in 
claim 3 comprises: a housing; an outer-ring raceway 
that is formed directly around the inner peripheral sur- 
face of this housing or fomned around a separate outer 

55 ring around the inner peripheral surface of this housing; 
a rotating shaft having an inner-ring raceway that is 
formed around its outer peripheral surface; a plurality of 
rolling elements that are located between the outer-ring 
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raceway and inner-ring raceway sucli that tliey roll free- 
ly; a seal ring whose outer peripheral edge is fastened 
to the Inner peripheral surface on the end of the outer 
ring ; a slinger that is fitted around the rotating shaft; a 
pulley that is fastened to the outside end of the rotating 
shaft; an innpeller that is fastened to the inside end of 
the rotating shaft; a nriechanical seal that is located be- 
tween the inner peripheral surface of the housing and 
the outer peripheral surface of the rotating shaft in the 
section between the innpeller and the slinger in the axial 
direction; and a space that is located between the me- 
chanical seal and the seal ring in the axial direction. 
Moreover, there is an outer-dianneter-side cylindrical 
section that is formed around the outer peripheral edge 
of the slinger such that it is concentric with the rotating 
shaft. Also, the seal ring comprises a first seal lip that 
comes in sliding contact with an outer peripheral surface 
of the rotating shaft or with an outer peripheral surface 
of the slinger that rotates together with the rotating shaft, 
and a second seal lip that comes in sliding contact with 
an outer peripheral surface of the outer-diameter-side 
cylindrical section and that is tilted inward in the radial 
direction toward the tip edge. 

[0016] Particularly, in the case of the seal apparatus 
for a water pump, the rotation -support for a water pump 
and the water pump of this invention, the amount of elas- 
tic deformation of the second seal lip, which occurs 
when the tip edge of the second seal lip comes in contact 
with the outer peripheral surface of the aforementioned 
outer-diameter-side cylindrical section, is at least 1/10 
and up to 7/10 the height of the second seal lip in the 
free state. In addition, the roughness of the section of 
the outer peripheral surface of the outer-diameter-side 
cylindrical section which the tip edge of the second seal 
lip comes in sliding contact with is from 0.2 jxm to 2.0 
^im in the arithmetic mean Ra, or is from 0.8 jxm to 8.0 
^m in the maximum height Ry. 

[0017] Preferably, the amount of elastic deformation 
of the second seal lip is at least 2/1 0 and up to 5/1 0 the 
height of the second seal lip in the free state, and even 
more preferably at least 2/1 0 and up to 3/1 0 the height 
in the free state. 

[0018] Moreover, the cross-sectional shape of the 

second seal lip is preferably a wedge shape in which the 
width (thickness) dimension becomes smaller going 
from the base end to the tip end. At the same time, the 
length dimension of the second seal lip is at least two 
times than the average thickness dimension of second 
seal lip, and preferably at least 2.5 times. 
[0019] With the seal apparatus for a water pump, the 
rotation -support for a water pump and the water pump 
of this invention, constructed as described above, it is 
possible to effectively prevent foreign matter from get- 
ting inside the rolling-bearing unit that supports the ro- 
tating shaft of the water pump over a long period of time. 



Brief Description of the Drawings 
[0020] 

5 Fig. 1 is a partial, cross sectional view to show a 

first example of the embodiment of the present in- 
vention, corresponding to Portion A of Fig. 6. 
Fig. 2 is a view taken from Portion B in Fig. 1 . 
Fig. 3 is a view to show another shape of the second 
seal lip, corresponding to Portion C of Fig. 2. 
Fig. 4 is a partial, cross sectional view to show a 
second example of the embodiment of the present 
invention, corresponding to Portion D of Fig. 1 . 
Fig. 5 is a view to show a third example of the em- 
bodiment of the present invention, similar to Fig. 4. 
Fig. 6 is a cross sectional view to show a first ex- 
ample of the conventionally known water pump. 
Fig. 7 is a partial, cross sectional view to show a 
second example of the conventionally known water 
pump. 

Best Embodiments to work the Invention 

[0021] Fig. 1 and Fig. 2 show a first example of the 
embodiment of the present invention. This example is 
characterized by making it difficult for steam or hot water 
that passes the mechanical seal 1 0 to get inside the roll- 
ing-bearing unit 6 including the plurality of rolling ele- 
ments (balls) 15, by adequately regulating the shape 
and dimensions of the seal ring 13 and slinger 14 that 
are located in the middle section of the rotating shaft 3a 
further toward the outside section than the mechanical 
seal 1 0 (see Fig. 6). The overall construction of the water 
pump and the construction and function of other sec- 
tions are substantially the same as that of a conventional 
water pump, including the construction shown in Fig. 6, 
so drawings and explanations of identical sections will 
be omitted or simplified, and only the sections that are 
features of this invention or sections that were not pre- 
viously explained will be explained here. 
[0022] In order to construct the ball bearing 4a that is 
part of the aforementioned rolling-bearing unit 6a, rolling 
elements 15 are rotatively held by a retainer (not shown 
in the figures) between a deep groove-shaped outer- 
ring raceway 17, which is formed around the inner pe- 
ripheral surface of an outer ring 1 6, and a deep groove- 
shaped inner-ring raceway 18, which is formed around 
the outer peripheral surface of the rotating shaft 3a. Al- 
so, the outer peripheral edge of the seal ring 13 is fas- 
tened to an attachment groove 1 9 that is formed all the 
way around the inner peripheral surface on the inside 
end of the outer ring 16. This seal ring 13 comprises an 
elastic member 21 made of an elastomer such as rubber 
that is reinforced by a circular metal core 20. In the ex- 
ample shown in the figures, the outer peripheral edge 
of this elastic member 21 protrudes further outward in 
the radial direction than the outer peripheral edge of the 
metal core 20, and this outer peripheral edge of the elas- 
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tic member 21 is fastened to tine attacliment groove 1 9. 
However, it is also possible to expose the metal core 20 
to the outer peripheral edge of the aforementioned seal 
ring 13, and to fasten this metal core 20 to the afore- 
mentioned attachment groove 19. 
[0023] The elastic material 21 comprises a first seal 
lip 22 and a second seal lip 23. Of these, the first seal 
lip 22 is formed around the inner peripheral edge of the 
seal ring 13, so it comes into sliding contact all the way 
around the outer peripheral surface of the middle sec- 
tion of the rotating shaft 3a. In other words, the inner 
diameter of the first seal lip 22 in the free state is a little 
smaller than the outer diameter in the middle section of 
the rotating shaft 3a, and when the rotating shaft 3a is 
inserted into the inner-diameter side of the first seal lip 
22, the inner peripheral edge of this first seal lip 22 
comes in elastic contact all the way around the outer 
peripheral surface of the middle section of the rotating 
shaft 3a. 

[0024] The second seal lip 23 extends to the inside 
from a side surface of the elastic member 21 in a state 
where it is tilted inward in the radial direction toward its 
tip edge. The cross-sectional shape of this second seal 
lip 23 is a wedge shape where the width (thickness) di- 
mension becomes smaller from the base toward the tip. 
At the same time, the length dimension of the second 
seal lip 23 is such that it is at least two times and desir- 
ably at least 2.5 times the average thickness of the sec- 
ond seal lip 23. The tip edge of this second seal lip 23 
comes in sliding contact all the way around the outer 
peripheral surface of the outer-diameter-side cylindrical 
section 26 that is formed on the outer peripheral edge 
of the slinger 14, which will be described later, and is 
concentric with the rotating shaft 3a. In this state, the 
second seal lip 23 is bent (curled) such that it has a cir- 
cular arc-shaped cross section. 
[0025] The aforementioned slinger 14 is thus fitted 
around and fixed to the middle section of the rotating 
shaft 3a in the section that is adjacent to the inside of 
the seal ring 13 and made of anti-corrosive metal plate 
such as stainless steel plate or steel plate for which anti- 
corrosion surface treatment has been perfomned such 
that at least the surface where the tip edge of the second 
seal lip 23 comes in contact does not corrode, and is 
formed by bending it generally into a ring shape having 
a crank-shaped cross section. In other words, the slin- 
ger 14 comprises: an inner-diameter-side cylindrical 
section 25 that is formed by bending at a right angle the 
inner peripheral edge of the circular section 24 to the 
inside in the axial direction; and an outer-diameter-side 
cylindrical section 26 that is similarly formed by bending 
at a right angle the outer peripheral edge to the outside 
in the axial direction and is concentric with the inner- 
diameter-side cylindrical section 25. By tightly fitting the 
inner-diameter-side cylindrical section 25 onto the mid- 
dle section of the rotating shaft 3a with an interference 
fit, the slinger 1 4 is fastened around the outer peripheral 
surface of the middle section of the rotating shaft 3a. In 



this state, the outer-diameter-side cylindrical section 24 
is supported and fastened around the rotating shaft 3a 
such that it is concentric with the rotating shaft 3a. Also, 
the tip end of the second seal lip 23 comes in sliding 
5 contact all the way around the outer peripheral surface 
of the outer-diameter-side cylindrical section 26. The 
roughness of the outer peripheral surface of the outer- 
diameter-side cylindrical section 26 supported as men- 
tioned above, against which the tip edge of the second 
seal lip 23 comes in sliding contact in this way, is such 
that the arithmetic mean roughness Ra is from 0.2 ^im 
to 2.0 ^,m or the maximum height Ry is from 0.8 ^m to 
8.0 ^m. 

[0026] In the case of this invention, by adequately reg- 
ulating the diameter (inner diameter) of the tip edge of 
the second seal lip 23 when in the free state, and the 
outer diameter of the outer-diameter-side cylindrical 
section 26, the amount of elastic deformation 6 of the 
second seal lip 23 (amount of elastic compression in the 
radial direction from the free state) when assembled as 
shown by the dot-dash line in Fig. 1 and Fig. 2, is at least 
1/1 0 and up to 7/1 0 the height H of the second seal lip 
23 in the free state as shown by the solid line inthefigure 
(H/10^ 5 ^ 7H/10). Preferably, this amount of elastic 
deformation 5 should be at least 2/1 0 and up to 5/1 0 the 
height H of the second seal lip 23 in the free state as 
shown by the solid line in the figure (2H/10 ^ 6 ^ 5H/ 
10), and even more preferably at least 2/10 and up to 
3/1 0 (2H/1 0^6^ 3H/1 0). There is a curved section 27 
with a circular-arc-shaped cross section located in the 
section that connects the base of the outer-diameter- 
side cylindrical section 26 with the outer peripheral edge 
of the circular section 24, and the positions in the axial 
direction of the seal ring 1 3 and slinger 1 4 are regulated 
such that the tip edge of the second seal lip 23 does not 
touch this curved section 27. This is so that it will be 
possible to regulate the amount of elastic deformation 6 
as desired. 

[0027] With this example, constructed as described 
above, it is possible over a long period of time to effec- 
tively prevent foreign matter such as steam or hot water 
from getting inside the rolling-bearing unit 6a, which 
supports the rotating shaft 3a of the water pump. 
[0028] First, the reason that it is possible to improve 
the seal performance for preventing foreign matter from 
getting inside the bearing unit will be explained. 
[0029] First, since the second seal lip 23 is tilted in- 
ward in the radial direction toward the tip edge, it is pos- 
sible to obtain an excellent prevention effect against the 
progression of foreign matter. In other words, when for- 
eign matter that is trying to get inside the rolling-bearing 
unit 6a reaches inside the space 28 between the rolling- 
bearing unit 6a and the mechanical seal 1 0 (see Fig. 6), 
it presses again the outer peripheral surface of the sec- 
ond seal lip 23. This pressure force acts in the direction 
that pushes the tip edge of the second seal lip 23 against 
the outer peripheral surface of the outer-diameter-side 
cylindrical section 26. Therefore, it becomes very diffi- 
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cult for gaps to occur in the section between tine tip edge 
of the second seal Iip23 and the outer peripheral surface 
of the outer-diameter-side cylindrical section 26. 
[0030] Also, when this section Is exposed to (hit by) 
high-temperature steam and coolant water containing 
condensed chemicals such as an anti-freezing agent or 
anti-corrosion agent, the second seal lip 23 swells due 
to the synergistic action of these two substances (steam 
and coolant water) and deforms in the circumferential 
direction as in a wave form, so even when gaps occur 
in a few places in the area of contact between the tip 
edge of the second seal lip 23 and the outer peripheral 
surface of the outer-diameter-side cylindrical section 26 
and foreign matter tries to get inside the rolling-bearing 
unit 6a through the gaps, the foreign matter, before it 
can get into the gaps, is thrown outward in the radial 
direction by the centrifugal force that is applied to the 
foreign matter by contact with the outer peripheral sur- 
face of the outer-diameter-side cylindrical section 26 
that rotates together with the rotating shaft 3a. The cen- 
trifugal force that is applied to the foreign matter is larger 
as the outer diameter of the outer-diameter-side cylin- 
drical section 26 is larger, so it is possible to discharge 
the foreign matter efficiently, and to effectively prevent 
foreign matter from getting inside the rolling-bearing unit 
6a. 

[0031 ] Second, since the amount of compression 6 of 
the second seal lip 23 is secured at least 1/1 0 the height 
H of the second seal lip 23 in the free state (6 ^ H/1 0), 
it is possible to secure the contact pressure at the area 
of sliding contact between the tip edge of the second 
seal lip 23 and the outer peripheral surface of the outer- 
diameter-side cylindrical section 26 that occurs due to 
the elastic deformation of the second seal lip 23. There- 
fore, it is difficult for gaps to occur at the area of sliding 
contact, making it possible to improve the seal perform- 
ance. Moreover, by securing the amount of elastic de- 
formation 6 of the second seal lip 23 at least 2/1 0 the 
height H of the second seal lip 23 in the free state (5 ^ 
2H/10), it is possible to even more effectively improve 
the seal performance. 

[0032] As can be clearly seen from Fig. 1 , the height 
H of the second seal lip 23 in the free state is the dis- 
tance in the radial direction from the inner peripheral 
edge at the base of the second seal lip 23 to the tip edge 
of the second seal lip 23. The larger this distance or the 
height H in the free state is, the easier it for elastic de- 
formation of the second seal lip 23. When the section 
on the inner peripheral edge at the base of the second 
seal lip 23 is the curved section 29 having a circular-arc- 
shaped cross-section as shown in Fig. 3, the height H 
in the free state is the distance in the radial direction 
from the bottom of the curved section 29 to the tip edge 
of the second seal lip 23. 

[0033] Next, the reason that it is possible to improve 
durability for maintaining the prevention of the progres- 
sion of foreign matter over a long period of time is ex- 
plained. 



[0034] First, since the amount of elastic deformation 
6 of the second seal lip 23 is kept up to 7/1 0 the height 
H of the second seal lip 23 in the free state (6 ^ 7H/1 0), 
it is possible to prevent the contact pressure at the area 
5 of sliding contact between the tip edge of the second 
seal lip 23 and the outer peripheral surface of the outer- 
diameter-side cylindrical section 26, which occurs due 
to the elastic deformation of the second seal lip 23, from 
become excessively large. Therefore, it is possible to 
suppress friction and the area of contact and keep wear 
of the tip edge of the second seal lip 23 to a minimum. 
[0035] Second, the arithmetic mean roughness Ra of 
the outer peripheral surface of the outer-diameter-side 
cylindrical section 26 against which the tip edge of the 
second seal lip 23 comes in contact, is regulated at from 
0.2 ^m to 2.0 ^m, orthe maximum height Ry is regulated 
at from 0.8 ^m to 8.0 ^im (by keeping the value of at 
least one of the arithmetic mean roughness Ra and the 
maximum height Ry within the aforementioned range, 
the surface is a smooth surface with little roughness), 
so the tip edge does not rub forcibly against the outer 
peripheral surface, and thus making it possible to keep 
wear of the tip edge to a minimum. When the arithmetic 
mean roughness Ra of the outer peripheral surface ex- 
ceeds 2.0 ^.m, and the maximum height Ry exceeds 8.0 
|im, wear of the tip edge becomes severe, and it be- 
comes difficult to sufficiently secure durability. In con- 
trast, when the arithmetic mean roughness Ra is less 
than 0.2 |xm, or when the maximum height Ry is less 
than 0.8 ^m, the processing cost greatly increases and 
it is not possible to expect more effect in improving the 
durability. The slinger 1 4 is made of anti-corrosive metal 
plate such that the surface of at least the section on the 
outer peripheral surface of the outer-diameter-side cy- 
lindrical section 26 where the tip edge of the second seal 
lip 23 comes in sliding contact does not corrode, so 
roughness of the outer peripheral surface does not be- 
come worse due to corrosion, so that it is possible to 
maintain the function of preventing wear over a long pe- 
riod of time. 

[0036] Wear of the tip edge of the second seal lip 23 
is suppressed in this way so even when the water pump 
is used over a long period of time, there is proper contact 
at the area of sliding contact between the tip edge of the 
second seal lip 23 and the outer peripheral surface of 
the outer-diameter-side cylindrical section 26, and it is 
possible to secure the seal performance at this area of 
sliding contact. It is necessary to keep at least eitherthe 
value of the arithmetic mean roughness Ra or the max- 
imum height Ry within the aforementioned respective 
ranges, and, it is possible to improve durability even 
more by keeping both values within the aforementioned 
ranges. 

[0037] Next, Fig. 4 and Fig. 5 show a second and third 
example of the embodiment of the present invention. In 
the first embodiment of the invention described above, 
only a first seal lip 22 comes in sliding contact with the 
outer peripheral surface of the rotating shaft 3a, while 
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in the second and third exannples of the present inven- 
tion, there are two first seal lips 22, 22a that tilted in op- 
posite directions from each other. The first seal lip 22a, 
which tilts to the outside in the axial direction as it ex- 
tends toward the inner-dianneter side, functions well and 
has an excellent effect on preventing the grease inside 
the rolling-bearing unit from leaking out. In the case of 
the second example shown in Fig. 4, the two seal lips 
22, 22a come in sliding contact with the outer peripheral 
surface of the rotating shaft 3a. On the other hand, in 
the case of the third example shown in Fig. 5, the two 
seal lips 22, 22a come in sliding contact with the outer 
peripheral surface of the inner-diameter-side cylindrical 
section 25a of the slinger 1 4a which is fitted around the 
rotating ring 3a. The cross-sectional shape of the slinger 
14a used in this third example is a channel shape. The 
other construction and functions are the same as in the 
case of the first embodiment, so figures and a detailed 
explanation of identical parts is omitted. 
[0038] When fitting the tip edge of the second seal lip 
23 (see Figs. 1 to 3) around the outer-diameter-side cy- 
lindrical section 26 of the slingers 14, 1 4a when assem- 
bling this invention, care must be taken that the second 
seal lip 23 does not get rolled up. In order to do this, an 
assembly method can be used in which the tip edge of 
the second seal lip 23 is fitted around a cylindrical re- 
taining sleeve having an inner diameter that is a little 
larger than the outer-diameter-side cylindrical section 
26, and then after placing thetip edge of the second seal 
lip 23 around the outer-diameter-side cylindrical section 
26, the retaining sleeve is removed from the inner-diam- 
eter side of the second seal lip 23. Also, it is possible to 
form a conical-shaped guide section on the end of the 
outer-diameter-side cylindrical section 26 such that its 
outer diameter becomes smaller toward the tip, and it is 
then possible to use this guide section to fit the tip edge 
of the second seal lip 23 around the outer-diameter-side 
cylindrical section 26. The outer diameter of the tip end 
of the guide section is equal to or less than the inner 
diameter of the tip edge of the second seal lip 23 in the 
free state. In the case of using this kind of construction, 
there of course should be no interference between the 
guide section and the main part of the seal ring 1 3, and 
when the seal has been completely installed, the tip 
edge of the second seal lip 23 should no longer come 
in contact with the outer peripheral surface of this guide 
section. 

Industrial Application: 

[0039] Constructed and functioning as described 

above, this invention makes it possible to improve the 
durability of a water pump without increasing cost and 
size of the water pump. 



Claims 

1. A seal apparatus for a water pump provided be- 
tween a non-rotating member having an inner pe- 

5 ripheral surface and a rotating shaft of the water 

pump inserted into the non-rotating member and 
having an outer peripheral surface; comprising a 
seal ring having an outer peripheral edge fastened 
to the inner peripheral surface of the non-rotating 

10 member, and a slinger having an outer peripheral 
surface and fitted around the rotating shaft to block 
between the inner peripheral surface of the non-ro- 
tating member and the outer peripheral surface of 
the rotating shaft of the water pump, the slinger hav- 

15 ing an outer peripheral edge formed with an outer- 
diameter-side cylindrical section which is concen- 
tric with the rotating shaft and has an outer periph- 
eral surface, the seal ring comprising a first seal lip 
that comes in sliding contact with the outer periph- 

20 eral surface of the rotating shaft or with the outer 
peripheral surface of the slinger that rotates togeth- 
er with the rotating shaft, and a second seal lip that 
has a tip edge which comes in sliding contact with 
the outer peripheral surface of the outer-diameter- 

25 side cylindrical section, and that is tilted inward in 
the radial direction toward the tip edge thereof, 
wherein the amount of elastic deformation of the 
second seal lip, which occurs when the tip edge of 
the second seal lip comes in contact with the outer 

30 peripheral surface of the outer-diameter-side cylin- 
drical section, is at least 1/10 and up to 7/10 the 
height of the second seal lip in a free state, and the 
roughness of a section of the outer peripheral sur- 
face of the outer-diameter-side cylindrical section 

35 with which the tip edge of the second seal lip comes 
in sliding contact is from 0.2 (im to 2.0 |im in the 
arithmetic mean Ra, or is from 0.8 ^m to 8.0 ^im in 
the maximum height Ry. 

40 2. A rotation-support apparatus for a water pump com- 
prising: an outer ring having an inner peripheral sur- 
face formed with an outer ring raceway, a rotating 
shaftforthe water pump having an outer peripheral 
surface formed with an inner ring raceway, a plural- 

45 ity of rolling elements rotatably located between the 
outer-ring raceway and inner-ring raceway, a seal 
ring having an outer peripheral edge fastened to the 
inner peripheral surface of the outer ring at one end 
thereof, and a slinger having an outer peripheral 

50 surface and fitted around the rotating shaft, the slin- 
ger having an outer peripheral edge formed with an 
outer-diameter-side cylindrical section which is 
concentric with the rotating shaft and has an outer 
peripheral surface, the seal ring comprising a first 

55 seal lip that comes in sliding contact with the outer 
peripheral surface of the rotating shaft or with the 
outer peripheral surface of the slinger that rotates 
together with the rotating shaft, and a second seal 
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lip that has atip edgewhich comes in sliding contact 
with the outer peripheral surface of the outer-diann- 
eter-side cylindrical section, and that is tilted inward 
in the radial direction toward the tip edge thereof, 
wherein the amount of elastic deformation of the 5 
second seal lip, which occurs when the tip edge of 
the second seal lip connes in contact with the outer 
peripheral surface of the outer-diameter-side cylin- 
drical section, is at least 1/10 and up to 7/10 the 
height of the second seal lip in a free state, and the io 
roughness of a section of the outer peripheral sur- 
face of the outer-diameter-side cylindrical section 
with which the tip edge of the second seal lip comes 
in sliding contact is from 0.2 ^im to 2.0 ^im in the 
arithmetic mean Ra, or is from 0.8 ^im to 8.0 ^.m in ^5 
the maximum height Ry. 

3. A waterpump comprising a housing having an inner 
peripheral surface; an outer-ring raceway that is 
formed directly around the inner peripheral surface 20 
of this housing or formed around a separate outer 
ring around the inner peripheral surface of this 
housing, a rotating shaft having an outer peripheral 
surface formed with an inner-ring raceway, a plural- 
ity of rolling elements rotatably located between the 25 
outer-ring raceway and inner-ring raceway, a seal 
ring having an outer peripheral edge fastened to the 
inner peripheral surface of the outer ring at one end 
thereof, a slinger having an outer peripheral surface 
and fitted around the rotating shaft, a pulley fas- 30 
tened to the rotating shaft at an outer end thereof, 
an impeller fastened to the rotating shaft at an inner 
end thereof, a mechanical seal provided between 
the inner peripheral surface of the housing and the 
outer peripheral surface of the rotating shaft and ax- 35 
iaily between the impeller and the slinger, and a 
space provided axially between the mechanical 
seal and the seal ring, the slinger having an outer 
peripheral edge formed with an outer-diameter-side 
cylindrical section which is concentric with the ro- 40 
tating shaft and has an outer peripheral surface, the 
seal ring comprising a first seal lip that comes in slid- 
ing contact with the outer peripheral surface of the 
rotating shaft or with the outer peripheral surface of 
the slinger that rotates together with the rotating 45 
shaft, and a second seal lip that has a tip edge which 
comes in sliding contact with the outer peripheral 
surface of the outer-diameter-side cylindrical sec- 
tion, and that is tilted inward in the radial direction 
toward the tip edge thereof, wherein the amount of so 
elastic deformation of the second seal lip, which oc- 
curs when the tip edge of the second seal lip comes 
in contact with the outer peripheral surface of the 
outer-diameter-side cylindrical section, is at least 
1/10 and up to 7/10 the height of the second seal 55 
lip in a free state, and the roughness of a section of 
the outer peripheral surface of the outer-diameter- 
side cylindrical section with which where the tip 



edge of the second seal lip comes in sliding contact 
is from 0.2 ^im to 2.0 jim in the arithmetic mean Ra, 
or is from 0.8 ^m to 8.0 |im in the maximum height 
Ry. 
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Fig. 1 
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Fig. 4 
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the durability of the water pump. 

A seal apparatus is comprised of a seal ring 13 
and a slinger 14 in combination to prevent foreign 
matter from progressing into the rolling bearing 
6a . The amount of compression delta of the second 
seal lip 23, which occurs when the tip edge of the 
second seal lip 23 of the seal ring 13 comes in 
contact with the outer peripheral surface of the 
outer -diameter- side cylindrical section 26 that is 
formed at the outer peripheral edge of the slinger 
14, is at least 1/10 and up to 7/10 the height of 
the second seal lip 23 in the free state. In 
addition, the roughness of a portion of the outer 
peripheral surface of the outer -diameter- side 
cylindrical section 26 which the tip edge of the 
second seal lip 23 comes in sliding contact with 
is from 0.2 mu m to 2.0 mu m in the arithmetic 
mean Ra, or is from 0.8 mu m to 8.0 mu m in the 
maximum height Ry. 
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